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INTRODUCTION
profile, and have demonstrated that the FA profile in grazing milk is different from 1 the produced in a confinement system. In particular, the levels of CLA and TVA in 2 milk are doubled by grazing (Kelly et al. 1998; Schroeder et al. 20003; Kay et al. 3 2005; Croissant et al. 2007) . Therefore, utilization of the milk FA profile could allow 4 the differentiation to be established between "grazing milk" and other milk. 5 However, these studies were conducted under well-controlled conditions, and few 6 studies have examined this aspect under practical farming conditions (Gaspardo et 7 al. 2010; Yayota et al. 2013; Benbrook et al. 2013; Capuano et al. 2014) . 8 Since milk FA is synthesized across multiple complex pathways, many 9 factors influence the difference in milk FA profile. Among these, it is known that 10 changing feed management can strongly modify the milk FA profile (Chilliard et al. In the grazing season, the pasture intake was calculated by dividing the TDN 11 concentration (Standard Tables of Food Composition in Japan 2001) by the pasture regarded as significant. Second, data were re-analyzed with the one-way ANOVA 1 model including seasons as fixed effect using the Fit Model Platform in JMP 2 because most of area and interaction effects were not significant. If the possibility 3 of difference was less than 0.05 (P < 0.05), the result was regarded as significant.
4
Data from the discrimination analysis were analyzed using the orthogonal 5 partial least squares discrimination analysis (OPLS-DA) model using standardized 6 data in SIMCA. In OPLS-DA of SIMCA, a magnitude and reliability value was 7 calculated as a predictive component. As the calculation was conducted using a 8 standardized value, a magnitude value of each was regarded as a standardized 9 partial regression coefficient, which indicated a force of impact. A positive 10 magnitude value indicated that the FA was influenced strongly in the confinement 11 season. Conversely, a negative magnitude value indicated that the FA was 12 influenced strongly in the grazing season. A reliability value indicated a reliability 13 of a magnitude value of each FA in the discrimination model. After that, the 14 probability of a sample belonging to either category was also calculated. If a sample 15 was included in the 95% confidence interval, it was estimated to be correctly 16 discriminated in each category. If a sample was included in the 90-95% confidence 17 interval, the sample was estimated discriminated on borderline. 
RESULTS

20
In the present study, because of the limited differences (data not shown) in the 21 results between the Konsen and Okhotsk areas in each season, the results from 22 both areas in each season were merged. The mean proportion of feed intake to total 23 9 intake and milk production are shown in Table 1 . The mean proportion of total 1 forage intake in both the grazing and confinement seasons was approximately 60% 2 of the total DM intake, which ranged from 32% to 84% of total intake, all of which 3 were grass forage. The proportion of total forage intake in the grazing season was 4 slightly higher compared with that in the confinement season (P < 0.01). In the 5 confinement season, 65% of grass forage was dried grass, which was hay or rolled 6 grass silage, and another was grass silage. In the grazing season, 75% of grass 7 forage was from grazing pasture, and consisted of 17 to 100% grass forage. The 8 mean proportion of concentrate intake was approximately 40% of the total intake 9 in both grazing and confinement seasons. Seventy-five percent of the concentrate 10 intake was from commercial formula feed or solely grain feed (corn and barley), 11 and ranged from 0 to 100% of the concentrate intake. Others of the concentrate 12 intake were mainly from beet pulp pellets. The data described in the present study 13 were collected from many dairy farms that used a variety of feeding management 14 systems in the grassland dairy area of Hokkaido.
15
The mean milk yield was higher during the grazing season than that in 16 the confinement season (P < 0.01), because some of farmers took to a management 17 closed to a seasonal breeding. The mean milk fat concentration was lower during 18 the grazing season than that during the confinement season (P < 0.01). The mean 19 milk protein content was lower during the grazing season than that during the 20 confinement season (P < 0.05). The mean concentrations of lactose and solid not fat 21 concentration were similar in both the grazing and confinement season. The mean 22 Table 1 concentration of milk urea nitrogen was higher during the grazing season than 1 that during the confinement season (P < 0.01).
2
The milk FA profile identified in the present study, as well as the feeding 3 management in each season ranged widely (Figure 1 ). The concentration of most of 4 the FAs was significantly different between the grazing and confinement seasons 5 (P < 0.05), excepted for the proportions of C8:0, C12:0, and C17:0. Although the 6 proportions of C10:0, C14:0, cis-9-C14:1, C15:0, and C20:0 in milk differed 7 significantly between the grazing and confinement seasons (P < 0.05), the absolute 8 difference measured between the grazing and confinement seasons was low, and 9 each distribution was duplicated. The proportions of C16:0 and cis-9-C16:1 in milk 10 produced during the grazing season were lower than that in milk during the 11 confinement season (P < 0.01), and the distribution of each was clear shape as a 12 normal distribution. The proportions of C18:0, cis-9-C18:1, cis-9,12-C18:2 and ALA 13 in milk produced during the grazing season were higher than that produced during 14 the confinement season (P < 0.01), and each distribution was also clear shape as a 15 normal distribution. The proportion of TVA and CLA in milk produced during the 16 grazing season was also higher than that produced during the confinement season 17 (P < 0.01), but the distribution in the grazing season was more extensive compared 18 with that in the confinement season.
19
The result of the discrimination analysis based on 16 FAs is shown in 20 Table 2. The high R 2 value and low RSD in the model indicated that discrimination 21 using the milk FA profile in the present study was precise. Incidentally, when the 22 discrimination was conducted using the milk fat, protein, lactose and milk urea C16:0 was classified as milk produced during the confinement season. Many of the 5 fatty acids with 18 carbon atoms which are C18:0, cis-9-C18:1, TVA, and CLA, also 6 had high magnitude and reliability values, although the predictive power of these 7 FAs was less than that of C16:0. Since the predictive components of those FAs with 8 18 carbon atoms were negative, milk high in 18-carbon FAs was classified as milk 9 produced in the grazing season. The magnitude value of CLA and TVA content, 10 which are signature FAs of grazing system, was low compared with that of C16:0 11 content, but reliability of those FAs was enough high. As a result, the percentage of Table 3 among GRA/GRA, BORDER/GRA and CON/GRA in the grazing season was low, 1 except in the pasture intake. The proportion of pasture intake in the total intake 2 and the total forage intake was 1.4-fold higher in GRA/GRA compared with that in 3 BORDER/GRA and CON/GRA (P < 0.01). Because the data were collected from practical farming conditions using various 7 feeding management systems, the proportion of each feed intake ranged widely in 8 each season in the present study. Furthermore, the milk yield and compositions 9 also ranged widely in each season. Changes in milk components occurred during 10 the transition from the confinement to the grazing season in this study, which was 11 mainly milk fat depression and urea elevation, was observed well (Polan et al. statistical significance differed in the grazing and confinement seasons, the 1 difference in milk FAs showed a similar trend to that observed in previous studies.
2
However, very few studies have compared the distribution of each FA in the 3 grazing and confinement systems. From the results of the present study, the shape 4 of distribution in the difference of each FA indicated that each FA could be clearly 5 categorized into four groups. The FA groups played a key role in the discrimination 6 between milk produced during the confinement or grazing season.
7
The FAs of C10:0, C14:0, cis-9-C14:1, C15:0, and C20:0 in milk were 8 categorized as Group 1, in which the absolute difference between the grazing and 9 confinement seasons was low and each distribution was duplicated. The FAs of 10 C16:0 and cis-9-C16:1 in milk was categorized as Group 2, in which each 11 distribution was clear shape of a normal distribution, and the mean value in the 12 grazing season was significantly lower than that in the confinement season. The
13
FAs of C18:0, cis-9-C18:1, cis-9,12-C18:2, and ALA were categorized as Group 3, in 14 which each distribution was clear shape of a normal distribution, and the mean grand, which would therefore, promote low milk fat content. However, this theory 1 could not explain the nutritional milk fat depression (Bauman & Griinari, 2003) . were very few studies investigating the detailed feeding management in each farm.
1
The results of the present study indicated that 10% of the milk samples were not 2 classified correctly or were borderline in each season. In the confinement season, 3 farmers that were borderline tended to supply less beet pulp compared with 4 farmers that were discriminated correctly. The decrease in beet pulp intake 5 substituted with high-moisture corn decreased acetate production in the rumen 6 (Voelker & Allen, 2003). Thus, the low beet pulp intake could attribute a decrease 7 in Group 2 FAs and an increase in Group 3 FAs in milk. However, since other 8 nutritional and environmental factors would influence the milk FA profile, it was 9 unlikely that only a low beet pulp intake attributed a decrease in Group 2 FAs and 10 an increase in Group 3 FAs in milk. Further discussion is beyond the scope of the 11 present study.
12
On the other hand, the nutritional factor that was discriminated 13 incorrectly in the grazing season was clear. Compared with farmers discriminated 14 correctly, a dependency on pasture was significantly lower for farmers that were 15 borderline or incorrectly discriminated, with milk containing low levels of Group 3 16 and 4 FAs and high Group 2 FAs. Therefore, the results of the present study 17 indicate that, to claim "grazing milk", grazing dairy farmers needed to achieve a 18 high pasture intake. Many studies have demonstrated that several supplementary 19 forage and concentrates decreased pasture intake (McGilloway & Mayne, 1996;  In the present study, although the TVA and CLA contents of Group 4 FAs 1 were not the most effective FA for discrimination analysis, the TVA and CLA 2 content of Group 4 FAs ranged widely in the grazing season. In the study by 舎飼時期の牛乳と比較して C16:0 および cis-9 C16:0 割合が低く、C18:0、cis-9 C18:1、 16 trans-11 C18:1、cis-9,12 C18:2、cis-9,trans-11 C18:2 および cis-9,12,15 C18: Table 3 Average feed intake in each category of discrimination analysis based on 16 fatty acids of milk produce during the grazing and confinement seasons in the grassland dairy area in Hokkaido Grazing (GRA) Confinement (CON)
